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Summary Ventriculophasic sinus arrhythmia is a particular phenomenon commonly observed
in patients with complete atrioventricular (AV) block. Typically, the PP intervals which contain
a QRS complex are shorter than the PP intervals which do not contain it. This phenomenon isParadoxical;
Atrioventricular block
present in more than 40% of cases with complete AV block and less common in the setting of
second-degree AV block. We present a case with paradoxical ventriculophasic sinus arrhythmia
during 2:1 AV block, in which the PP intervals containing a QRS complex are longer than the PP
intervals without an intervening QRS complex. The possible mechanisms regarding this unusual
phenomenon are also discussed.
© 2010 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Ventriculophasic sinus arrhythmia is a particular phe-
nomenon commonly observed in patients with complete
atrioventricular (AV) block. Typically, the PP intervals which
contain a QRS complex are shorter than the PP intervals
which do not contain it. This phenomenon is present in more
than 40% of cases with complete AV block and is less common
in the setting of second-degree AV block [1—3]. We present
a case with paradoxical ventriculophasic sinus arrhythmia
during 2:1 AV block, in which the PP intervals containing a
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doi:10.1016/j.jccase.2010.08.005RS complex are longer than the PP intervals without an
ntervening QRS complex.
ase report
56-year-old woman was referred for further evaluation
f type II Mobitz AV block by her primary physician. She
omplained of chest discomfort and shortness of breath
uring walking and denied syncope or near-syncope. She
as not receiving any medications with AV node-blocking
ffects. Blood pressure was 120/62mmHg, heart rate was
0 beats per minute, and the oxygen saturation was normal.
he 12-lead electrocardiogram (ECG) (Fig. 1) demonstrated
inus rhythm with second-degree AV block and 2:1 AV con-
uction. Paradoxical ventriculophasic sinus arrhythmia was
ound during 2:1 AV block. Note that the PP intervals con-
Published by Elsevier Ltd. All rights reserved.
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iigure 1 The 12-lead electrocardiogram shows sinus rhythm w
ote that the PP intervals containing a QRS complex are longer
aining the QRS complex are longer than the PP intervals
ot encompassing the QRS complex, which are completely
pposite to the typical ventriculophasic sinus arrhythmia.
iscussion
entriculophasic sinus arrhythmia is a common ﬁnding in the
resence of complete heart block. The PP intervals which
ontain a QRS complex are shorter than the PP intervals
ithout an intervening QRS complex. This phenomenon was
rst described by Erlanger and Blackman in an experimental
tudy of chronic AV block in dogs in 1910 [4]. Later, other
nvestigators also observed this phasic variation in over 40%
f patients with complete AV block [1—3]. It has been also
escribed in the setting of second-degree AV block [2] and
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tcond-degree atrioventricular (AV) block and 2:1 AV conduction.
the PP intervals not encompassing a QRS complex.
atients with ventricularly paced rhythms [5]. In a compre-
ensive review, Rosenbaum and Lepeschkin [1] also proposed
hat a paradoxical effect was seen in 3.5% of the patients
ith complete AV block, in which the PP intervals containing
QRS complex are longer than those not containing one.
Although the potential mechanism of this phenomenon
s still not fully understood, the most plausible explanation
s two-phase chronotropic effects proposed by Rosenbaum
nd Lepeschkin [1]. The positive chronotropic (accelerating)
ffect is related to early appearance of a P wave follow-
ng a QRS complex and shortening of the PP interval which
ontains a QRS complex.
Two potential mechanisms have been proposed regard-
ng the positive chronotropic effect. First, atrial stretch
y the mechanical effects of ventricular systole may has-
en the discharge of normal sinus node impulses. Second,
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[Paradoxical ventriculophasic sinus arrhythmia during 2:1 atr
ventricular contraction may increase sinus node blood sup-
ply and improve the perfusion of sinus node [6,7], which
leads to an earlier sinus node discharge and a P wave fol-
lowing a QRS complex. Rosenbaum and Lepeschkin [1] also
found the maximum positive chronotropic effect appeared
during the relatively shorter QP intervals (between 0.3 and
0.4 s). On the other hand, a negative chronotropic (decel-
erating) effect may result in the next longer PP interval
without an intervening QRS complex. A possible mechanism
that explains the negative chronotropic effect involves arte-
rial baroreceptor-mediated changes in vagal tone. In detail,
elevated arterial blood pressure caused by ventricular ejec-
tion activates the arterial baroreceptors, which produce a
vagal reﬂex to slow the ﬁring of sinus node and lengthen the
following PP interval without a QRS complex. The maximum
negative chronotropic effect occurs during the relatively
longer QP intervals (between 0.6 and 1.0 s) and slow ven-
tricular rate.
Paradoxical ventriculophasic sinus arrhythmia during 2:1
atrioventricular block has not been described in the litera-
ture thus far. Our particular case can also be explained by
two-phase chronotropic effect mechanisms. In general, the
interplay of these two-phase effects determines whether
the PP intervals containing a QRS complex will be shorter
or longer than those not containing one. Note that the QP
interval is relatively long (620ms) (Fig. 1) in our case. This
[ntricular block e39
ay represent a more negative than positive chronotropic
ffect, which causes the paradoxical effect observed in our
ase.
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